Background: Although patient time costs are recommended for inclusion in cost-effectiveness analyses, these data are not routinely collected. We used nationally representative data and a medical service-based approach to estimate the annual patient time costs among cancer survivors.
I
n 2012, >13.7 million individuals in the United States were alive with a history of cancer. 1 The prevalence of cancer survivors is expected to increase in the future because of population growth, the aging of the US population, and improved survival following diagnosis. 2 Cancer survivors receive medical care throughout the trajectory of their cancer experience, including the initial period following diagnosis, long-term survivorship, and, for some, recurrence, and endof-life care. In addition to being at greater risk for additional cancers, 3, 4 many survivors will experience lasting or late effects of disease or its treatment 5 requiring medical care.
Much work has been devoted to describing the medical costs of cancer care in the United States. 2, [6] [7] [8] [9] However, less attention has been paid to describing the patient time costs associated with medical care. Time spent traveling to and from care, waiting for appointments, consulting with physicians and other providers, and receiving care represents time not spent pursuing other, usual activities, including work and leisure. The opportunity costs associated with patient time have been recommended for inclusion in cost-effectiveness analyses of health interventions since 1996 by the Panel for Cost-Effectiveness in Health 10 ; however, these data are rarely considered, potentially resulting in a bias toward underestimating the costs of interventions that place a higher burden on cancer patients and families. 11 Prior work estimating patient time costs among cancer survivors has used the linked SEER registry-Medicare claims data and combined the frequency of medical services by category (eg, hospitalizations, ambulatory surgery) with service-specific time estimates and hourly values of time. 12, 13 This work was conducted in the elderly population aged 65 years and older living in 11 SEER geographic areas with Medicare fee-for-service coverage. To our knowledge, patient time costs have not been reported for a nationally representative sample of adult cancer survivors of all ages, or among cancer survivors with all types of health insurance coverage, as well as the uninsured. In this study, we build on prior work 12, 13 and use nationally representative data to estimate the per-capita annual time costs associated with cancer survivorship in the United States. These estimates can be used as inputs in health care decision making and cost-effectiveness analyses. Importantly, this service-based approach with publicly available data can also be used to estimate time costs for patients with other conditions, such as heart disease or diabetes.
METHODS

Sample
The sample was selected from the 2008-2011 Medical Expenditure Panel Survey (MEPS) Household Component. The MEPS is an ongoing nationally representative survey of health care expenditures, insurance, utilization, and access to care in the US civilian noninstitutionalized population. Inperson interviews are conducted with a family member who typically responds for all family members in the household. Additional information about health care utilization, charges, and payments by source, including out-of-pocket payments, is collected from medical care providers for members of each household. The 2008-2011 MEPS had a combined average annual response rate ranging from 54% to 59%. More information about survey design and content is available from http://www.meps.ahrq.gov/mepsweb/.
We identified 6699 adult cancer survivors from a question asking if a doctor or other health professional had ever told the person they had cancer or a malignancy of any kind. Respondents were asked about the cancer type and age at diagnosis, for each diagnosis. The remaining 86,412 adults with no cancer history were the comparison group. Prior studies have not classified individuals diagnosed solely with nonmelanoma skin cancer as cancer survivors, but included them in the comparison group. 9, 14 To evaluate the impact of classifying individuals with only nonmelanoma skin cancer (N = 1179) as without a cancer history rather than excluding them from analyses, we conducted all analyses with and without these individuals. Findings were not perceivably different and we present data with nonmelanoma skin cancers included in the comparison group for consistency with prior studies.
Measures
Sample characteristics included age, sex, race/ethnicity, marital status, educational attainment, employment in the past 12 months, and health insurance status and type. Conditions other than cancer were identified with a series of questions about whether a doctor or other health professional ever told the person they had any MEPS priority conditions, including arthritis, asthma, hypertension, angina, coronary heart disease, stroke, diabetes, high cholesterol, heart attack, and emphysema. Conditions were categorized by the number of priority conditions for each individual.
Time since cancer diagnosis was calculated as the difference between age at first diagnosis and age at the interview (ie, < 2 y, 2-5 y, 6-10 y, and 11+ y). Cancer survivors with a missing age at diagnosis or with an implausible age at diagnosis (N = 589) were excluded from the time-sincediagnosis analyses only.
Medical service categories were identified from the MEPS visit files and consolidated files and included overnight hospitalizations, emergency room visits, ambulatory surgery, provider office-based or hospital outpatient visits (including MEPS zero-night inpatient visits), chemotherapy, and radiation therapy. Service frequency for the year was measured for each category. The annual hospital length of stay was a summary of inpatient days from all hospitalizations for the year.
Time estimates for medical service categories are listed in Table 1 . Estimates of patient time associated with roundtrip travel to care, waiting for care, and receiving care were calculated separately for each service category, as in prior studies. 12, 13 We used the most recently available national data sources to estimate time. The average time spent with a physician during an office visit was calculated from the 2010 National Ambulatory Medical Care Survey (NAMCS). 12, 15 Patient time for emergency room visits was calculated as the difference between arrival time and discharge time from the 2010 National Hospital Ambulatory Medical Care SurveyEmergency Department Patient Record (NHAMCS-ED). 16 Chemotherapy duration was estimated from the linked SEERMedicare data in 1995-2001. We identified cancer patients receiving chemotherapy during the year following diagnosis, calculated frequencies of CPT-4 chemotherapy infusion codes with time descriptions (eg, for CPT-4 96410 infusion technique, up to 1 hour was counted at the midpoint of 30 min), and then calculated a weighted average of infusion time. 13 Time for radiation therapy was estimated from the 2006-2007 NAMCS. 17 Patient time in the hospital was measured as the difference between admission and discharge dates and multiplied by 16 hours, an estimate of waking hours that could alternatively be spent pursuing usual activities. 12, 13 Patient time spent in ambulatory surgery and recovery was calculated as the difference between admission time and discharge time for outpatient surgeries from the 2001 Medicare Current Beneficiary Survey. 18 Round-trip travel time to usual source of medical care was estimated from responses to a question from the 2008-2010 MEPS about how long it takes to get to the usual medical provider. Travel time was added to all service time estimates. Waiting time was estimated from the 1992 National Health Interview Survey (NHIS), 19 the most recent year this question was included in the NHIS. Waiting time was added to office-based or hospital outpatient visits, chemotherapy, and radiation therapy estimates. Time estimates for emergency room visits, hospitalizations, and ambulatory surgeries were based on the difference between admission and discharge time, so waiting time was not added to these estimates separately. All patient time estimates were calculated separately by metropolitan statistical area (MSA) and non-MSA status to reflect any differences in urban and rural travel, wait time, or practice patterns. Round-trip travel time to usual source of care, provider visits, and ER visits was also stratified by age groups (18-64, 65+ y).
As in previous studies, 12, 13 we used the median US wage rate from the Bureau of Labor Statistics, $16.57 per hour in 2011, 20 to value the patient time in our primary base case analyses of all services as well as for service-specific estimates. In sensitivity analyses we evaluated a longer duration for hospitalization time and an approach for valuing time using actual hourly wages for the MEPS participants employed for wages. For those who were not employed, we used the hourly value of home production, $5.32 per hour (adjusted to 2011 dollars), 21 to value their time.
Analyses
Distributions of descriptive characteristics were compared for cancer survivors and individuals without a cancer history stratified by age group (18-64 and 65+ y) using w 2 statistics. We estimated service category frequencies for cancer survivors and individuals without a cancer history. We then applied time estimates for each type of service, summarized patient time, and applied the hourly value of patient time.
All multivariable analyses of service frequencies, patient time, and time costs controlled for age, sex, educational attainment, and number of comorbid conditions. Wald statistics were used to test the statistical significance of differences between cancer survivors and individuals without a cancer history. We present unadjusted bivariate estimates and adjusted predicted marginals from the multivariable regression analyses. The predictive margins method 22 directly standardizes the outcome of each group to the covariate distribution of the overall population. All tests of statistical significance were 2-sided. All estimates were weighted to account for the MEPS complex survey design and survey nonresponse using SUDAAN. 23 
RESULTS
Cancer survivors were more likely to be older, nonHispanic white, having at least some college education, and having more MEPS priority conditions than individuals without a cancer history (Table 2 ). Cancer survivors were less likely to be employed and uninsured than those without a cancer history. The most common cancer diagnoses were breast and prostate cancers (data not shown). Most cancer survivors were diagnosed Z6 years before the survey (52.7% and 59.7% for 18-64 and 65+ y age groups, respectively), with fewer cancer survivors diagnosed within 2 years (13.7% and 8.9%) or 2-5 years (28.5% and 19.2%) before the survey.
Health Care Utilization
In adjusted analyses, a higher percentage of cancer survivors received medical care in every service category (overnight hospitalizations, ambulatory surgery, ER visits, and provider office-based or outpatient hospital visits) than individuals without a cancer history (Table 3; all P < 0.01). For example, in the 18-64 years age group, 80.4% of cancer survivors and 69.0% of individuals without a cancer history had a provider office-based or hospital outpatient visit, and in the 65+ years age group, 95.1% and 90.5% had a provider visit, respectively. Among individuals with a particular service in the past year, the adjusted frequency of the service or length of stay was higher among cancer survivors compared with individuals without a cancer history (Table 3) , although the differences were not always statistically significant. For example, cancer survivors aged 18-64 years had an average of 9.2 provider office-based or hospital outpatient visits, whereas individuals without a cancer history had an average of 7.0 visits (P < 0.001).
Patient Time Costs
In the 18-64 years age group, annual patient time for cancer survivors and individuals without a cancer history was 30.2 hours and 13.6 hours, respectively, in adjusted analyses (data not shown). In the older group, annual patient time was 55.1 hours and 36.6 hours, respectively. Of all service types, inpatient hospitalization days contributed the most to the time estimates. In the base case analysis using the median US wage rate to value time, annual patient time costs were higher in cancer survivors compared with individuals without a cancer history in the 18-64 ($500 vs. $226) and the 65+ years ($913 vs. $607) age groups ( Table 4 ). The sensitivity analyses using actual reported wages in the MEPS and home production for those not employed to value time had a large impact on the magnitude of time cost estimates, reflecting the lower likelihood that cancer survivors were employed compared with individuals without cancer. This effect was particularly dramatic in the 65+ years age group, wherein time cost estimates declined from the base case of $913 and $607 annually in cancer survivors and individuals without a cancer history, to $359 and $241 annually, respectively.
Among cancer survivors, annual time costs varied by time-since-diagnosis (Fig. 1) , although the pattern by timesince-diagnosis differed by age group. In the 18-64 years age group, time costs were highest in those diagnosed within 2 years of the survey ($1188) and lowest among those diagnosed 6-10 years ($459) and >10 years before the survey ($489). Patient time costs were intermediate in those diagnosed 2-5 years before the survey ($630). In the 65+ years age group, annual time costs were highest in those diagnosed within 2 years of the survey ($1542) but more similar in the other time periods since diagnosis ($955, $831, and $905 for 2-5, 6-10, and >10 y since diagnosis, respectively), likely reflecting older median age and more 
DISCUSSION
In this study, we applied a medical service-based approach for estimating annual patient time costs associated with medical care among cancer survivors in a nationally representative sample of adults of all ages in the United States. Because the MEPS contains comprehensive information about utilization, employment, and expenditures and the forthcoming MEPS Experiences with Cancer Survivorship Supplement 24 contains questions focused on cancer survivorship, our annual patient time cost estimates can be compared with other estimates of direct medical 6, 9 and indirect productivity costs 9 associated with cancer for a more complete understanding of differences in burden of illness.
Our time cost estimates can also be used as inputs for costeffectiveness analyses of interventions aimed at improving care for cancer survivors. Importantly, the medical servicebased approach we used in this study can also be applied to developing annual time cost estimates for patients with other conditions, such as diabetes or cardiovascular disease. Thus, the medical service-based approach with publically available data may help address the absence of routinely collected patient time cost data for use in cost-effectiveness analyses.
Annual patient time costs were about $300 higher in cancer survivors than in individuals without a cancer history, similar in magnitude to annual out-of-pocket expenditures. 9 Others have reported that high out-of-pocket burdens are associated with reduced adherence to cancer care. 25 Aspects of patient time, including traveling to and from care, waiting for, and receiving care may also serve as a barrier to adherence to care, particularly for patients and caregivers without paid sick leave from their employers. 26 Further work exploring the impact of patient time burdens on adherence to recommended cancer care will be important in prospective studies. Percentage with service calculated among all cancer survivors and individuals without a cancer history ages 18-64 and 65+ years. Estimates for mean service use for chemotherapy and radiation therapy not reported for individuals without a cancer history because of small sample size.
*Predicted marginals from a regression model with age, number of comorbid conditions, educational attainment, and sex as covariates.
w Hospital outpatient visits include MEPS zero-night inpatient visits. Overall, our findings are consistent with prior servicebased studies of cancer patient time costs, which reported higher service use and time costs for elderly cancer survivors compared with individuals without a cancer history in all phases of care-the initial period following diagnosis; the end-of-life period; and the continuing care phase between diagnosis and end of life. 12, 13 In these prior studies, net time costs associated with cancer were highest in the initial and end-of-life phases and lowest in the continuing care phase. In the current study, we did not have the complete date of diagnosis (only age at diagnosis) or date of death for classifying the end-of-life phase and could only evaluate time costs by year of diagnosis in 1-year increments. As a result, our estimates are not directly comparable with phase of care estimates.
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An important strength of this study is the ability to compare time costs in adult populations with and without a cancer history in both the 18-64 and 65+ years age groups. In prior studies of newly diagnosed cancer patients, younger patients tended to seek more aggressive surgical care, [27] [28] [29] more adjuvant treatment, 30 and greater travel for cancer care 30 than older cancer patients. In addition, service use tended to be lower in younger compared with older individuals without a cancer history. However, we found that the incremental annual patient time costs were fairly similar in the 2 age groups, likely reflecting the high proportion of long-term survivors in our prevalence sample.
However, we did observe other age-related differences in time costs. As expected, time costs were highest among those diagnosed within the past 2 years in both age groups. However, annual time costs were more likely to be smaller for individuals with longer time-since-diagnosis intervals in the population ages 18-64 years, whereas estimates were more similar for longer time-since-diagnosis intervals in the population aged 65+ years. Although all estimates were adjusted for age and comorbidity, this difference in patterns of time cost by time-since-diagnosis likely reflects relatively older ages and greater comorbidity in the longer time-sincediagnosis intervals in the population aged 65+ years. Additional work exploring age differences in service use and time costs by time-since-diagnosis for specific cancer sites will be important for future research.
Another strength of using the MEPS for our study is the availability of systematically collected medical service use and actual wage data for illustrating the impact of different approaches for valuing patient time in sensitivity analyses. In the elderly, annual time cost estimates declined more than 60% when actual wages and home production wages for those who are not paid for their labor were used to value time compared with the base case analysis, which used the median US wage rate to value time. Time costs also declined in the younger population when using actual wages to value time, reflecting the fact that not all individuals work outside the home. Because time spent seeking medical care represents a lost opportunity for usual activities, including both work and leisure, we chose a single median wage rate for our base case approach, valuing each person's time equally. Methods which value time differently for different populations may lead to inequities when evaluating the costs associated with health interventions, particularly for low income and other vulnerable populations. It will be important for future work estimating patient time costs to be explicit about assumptions and the approach used for valuing patient time.
Our time cost estimates were based on medical care services and, as a result, did not include preparation time at home before medical care (eg, preparation for colonoscopy 31, 32 ), posttreatment recovery time spent at home, or time spent addressing health insurance coverage issues. These are important components of patient time that may be best estimated from survey or microcosting and time-andmotion techniques. 31, 32 Family or caregiver time spent traveling and waiting with patients for care or addressing other patient care needs, is another important component of burden [33] [34] [35] [36] but was not available and, as a result, could not be included. For all of these reasons, our net estimates are likely to understate the annual amount of time spent receiving cancer-related care, from the perspective of the patient, their family, and society.
The MEPS did not include information on hourly duration of most services or waiting time before receiving care. However, hospitalizations were the major component of our time estimates, and their duration was based on the difference between admission and discharge dates measured and reported in the MEPS. In situations where information about service duration was not directly available from the MEPS, we used the most recently available data from national sources for service and travel time estimates, stratified by urban and rural residence. In several cases, namely chemotherapy and ambulatory surgery, data were available only for the elderly population but the same estimates were applied to both age groups. In other cases, only older survey data were available and may not reflect more current practice patterns, possibly resulting in bias of unknown direction. However, in situations where comparisons of time estimates between more recent and older surveys were possible, they were relatively similar. For example, round-trip travel time to usual provider in MSAs estimated from the 1992 NHIS was 36.4 minutes. 12 Using more recent data from the 2008-2010 MEPS in the current study, round-trip travel to usual provider in MSAs was 35.2 minutes. In addition, our estimates for waiting and travel time were also similar to those reported for individuals seeking medical care from the 2003-2006 American Time Use Survey. 36 Thus, we believe the impact of using older surveys to estimate average patient time is likely small.
There were also several general limitations with regard to our study. Cancer survivors were identified by survey responses and we did not have information about stage at diagnosis, treatment(s), recurrence, or other clinical characteristics. Population-based household surveys generally include only small numbers of newly diagnosed, rare cancers, or cancers associated with short survival, and mainly consist of long-term survivors of common adult cancers, often participating many years after their diagnosis. 37, 38 In addition, because the cancer diagnosis question refers to cancer or malignancy of any kind, it may include individuals with preinvasive disease, likely resulting in an underestimate of differences between cancer survivors and individuals without a cancer history.
In summary, we found that cancer survivors had greater medical service use and patient time costs than did individuals without a cancer history. Our estimates of annual patient time costs can inform understanding of burden of illness and be used as inputs for conducting economic evaluations (eg, cost-effectiveness) of health interventions in cancer survivors. The medical service-based approach we used in this study with the MEPS can also be applied to developing annual time cost estimates for patients with other chronic conditions.
